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THE TORNADO AND ITS CAUSE. 
By W. J. RUMPHREYS. 

[Reprinted from Journal nf the Franklin Inrtitiitr, Janiinrv. 1918. pp. 114-1 16.1 

The tornado,' in which t,he air travels in approximate 
circles, as its name implies, is well-nigh peculiar t.0 thc 
ITnited States east of the Rocky Mountains. Nor is it 
at, all equally distributed over even this mea, sinw i t ,  
occws rarely in t:he Alleghenies, seldom alon t,lie Gulf 

Alabama, Georgia, and Sout,li (hrolina, frequent.ly tilso 
in Ohio, Indiana, Illinois, .and sout.hern Michigaln, a i d  
most frequently in Missouri, Kansas, and Town. 

The tornado develops only iii connect,ion n.it.h R t.l!u II- 
derstonn, usually just in front of the rain, and e q ~ ~ c i d l y  
in connection wlth those particular storms t,Imt forni 
dorig a va.lley LOW, or betwrfn V-shaped isoham whrrc 
opposing winds of pidelv diBereiit, t.enipcru.t.iirw gjva 
rise t.o that, esccpt.lontdy s t.rong vcrt.ica1 co~ivc(: t,ion 
essential t.0 t.hc genesis and growt.h of the thinclcrstorm. 
The season of most, frequents occiirronce, t.liercfnre, is 
spring and early summer; in fact., duriii winter it is 
unknown, fscept. occ+sionally neiw the Giia and in othrr 
warm sec.t,ions. Simdarly, thc t.ime of most. freqnriit. 
occurrence is 3 t? 5 p. m. :lleo, since i t  is 0 1 1 1 ~  n Ic~cti1 
phenomenon, \didc. t,hp coidit.ioiis fnvoriihle t.0 its gcwrsis 
are much more extensive, it often happens that. :i i i i i i i i l -~~r  
of tornadom dfvelop, e\wn clgse t.ogether, in counc~ct.io!~ 
with a single distort.ed c~clonr~ .  

The diameter of the tornado averages only about. 300 
meters (954 feet); the length of its path varies roughly 
from 100 meters to possibly 500 kilometers (:3L'X feet t.o 
310 miles): its direction of travel is nearly always n0rt.h- 
east; its rate of travel, though differing greatly, averages 
roughly 11 meters per second (25 miles per hour), thus 
passing a given place in half a minute or less; while ibs 
winds, always counterclockwise, are the swiftest known. 
estimated a t  45 to 225 meters per second (100 to LOO 
miles per hour). It is therefore by far the smallest., 
briefest, and severest, of all storms. Essentially i t  is :i 
phenomenon of the middle atmosphere. n its .genesis 
clouds whirl around each other with great ve1ocit.y ant1 
turmoil, while from beneath their center a funnel-shaped 
cloud develops, usually tapering off to a l o w  pendant 
spout that may or may not extend to the ear&. Whw- 
ever it does reach the surface it produces a deafening roar, 
and prac.tical1 ever thing in its immediate narrow path 

thou h generally but little damage is done on either side. 
0 %  n t e other hand, wherever it does not come to !.lie 
surface its assage produces but little or no effect). 

from the meteorolo ical conditions that normally acconi- 

ical. Thus, its rotation obviously is derived essentially 
from that of the cyclone in which it occurs, since i t  is 
dways in the same sense c,ounterc.loc,kwise, however 
small its diameter, and never clockwisc, as is often the 
case with large dust whirls when formed in still air. But 
how is the rapid rotation started 8 From the directions 

and Atlantic coastvs, frequenbly in cent,rd an fl nort.hrrn 

that can be b ; Y J  own own or torn to pieces is destroyed, 

Cause.- F r  on1 the characteristics of the tornado and 

pans it, it appears t % a t  its origin must be purely niechan- 

I For detailed discusslon see Finley "Tornadres," New Ynrk, Ibi, sild Ferrrl, ia.4 
Popular Treatise of the Winds," New kork, Ipllg. 

of the V-shaped isobars it. is clmr taliat a t  the c.loucl level, 
say, there must. beq 21,s often obseriwl, neighborin? winds 
flowing in approsiniatdy op!iosit,e directions and, of 
course, mort' or less int~erniinglinq and overrunning 
count.er current,s. Hencr. undcr such conditions. t,he in- 
jlow occurring at  various levels that fecds t.he stronq 
updratft. always just  in front. of a thuntlrrstorm must 
ocmsionally so tlrflec:t, these. counterrurrent,s by drawing 
bot,h into bhe stime rising column as necessarily t.0 pro- 
duce w violent whirl. 

Here, t,on, as in till other cases of stmospheric rnot.ion, 
the law of t.hc conserv:it.ion c:f areas, or the const>ancy of 
thc protliict, of radius of curvnturl? by 1inen.r velocity, 
applicsV esccpt. HM nio:liticd by frirt.ion and viscosity. 
Hcnce, M t.hc radii of curvst,ure of t,hr opposing currents 
may at. first I)c? nomparat.ively lnrge, and after the deflec- 
t,ion rela t.iwly smsll. it fol lo\i.s t.1in.t the wind se1ocit.y 
within t.hc whirl in which hoth the count,orc.urrents are 
taliing part. niay bo wry great. This rotation, however, 
docs not. check t.hr upcurrvnt, henct. that convec.tion 
\vliich is eswnt,id, tw t~splninetl above, to the rotmation, is 
maint.ainecl, and thwefore. the rising currents brough t 
in spirally with increasiiq nngulnr and 1inea.r veloci t,y 
11s the a.sis of spin is :i!)pronchetl. Each filament., so to 
spral<, of t.hv spirdly-r~nmg a.ir viscously drags along its 
under nntl slower neighbors, t,hereby bringing them ncarer 
t.he Asis a.nd increasing their velocity. I n  this ma.nner 
thc whole of t,he rising column is set, whirling with greater 
or less spin. Around t h  axis of rotation the pressure 
obviously is rcduc.etl in proport.ion to  the centrifugal 
force, t,hc temperature correspondingly lowered, and 
t,herrfore a douil spout often fornietl. 

Wherever the inflow of t.lie surfare air is greatdy 
checked, or it's course so altered hy a. deflecting hill or 
other obst.aclr ns great,l>- bo drcrense the spin, there the 
t,ornac.lo must, lift.. :It. may, howerw, retain its full vigor 
in t.he unn.ffrr.t.rvl upper air, luid soon reach the surface 
aga.i n . 

Wh!y m v ~ n t i ~ i l l ! i  J J ~ C U I ~  I r to thr L ,7 i i i td  Stntes.-Since the 
t.orna.rlo rnrelg occurs in violent. forni except in that 
portion of t.he T'nitd States which is east of the Rocky 
Mount.ains, it, follows t.1ia.t. that combination of meteoro- 
!ogical conditions essential to it.s genesis seldom obtains 
in otlicr pitrt,s of t,he world. This combination appears 
to be very simplc --only a vigorous convect.ion bet,ween 
strong neighboring countercurrcnt'a. But since vertical 
convection, ns inclic.:it,ed by thunderstorms, is common 
enough in most parts of t.he world, it follows that the other 
factor -namely, st,rong countercurrents -is the dis- 
t.inc tly Anicrican phenomenon. That such currents 
should often occur enst. of the Rocky Mountains is obvious 
from the position and trend of these mountains them- 
selves, giving rise to southward winds, and the location 
of the Ciulf of Mexico, from which winds turn northward. 
No other similar conibinat.ion of mountain and ocean 
wind cont.rols esist.s, and t:herefore no other place: has 
in sll respects t.he same kinds, frequencies, a.nd mten- 
sit.ies of st.orms. 
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